Background {#s1}
==========

Mucormycosis is a rare opportunistic fungal infection that is rapidly progressive and often fatal despite the availability and utilization of the most potent antifungal agents ([@B1]--[@B4]). The disease can also be referred as zygomycosis or phycomycosis. Patients at highest risk for infection include patients with weakened immune systems, poorly controlled diabetics, kidney failure, organ transplants, chemotherapy patients, and those with severe immunocompromise ([@B1], [@B2], [@B5], [@B6]). Clinical manifestations of mucormycosis infection often include cutaneous, pulmonary, rhinocerebral, gastrointestinal, and disseminated sepsis. Rhinocerebral mucormycosis (RCM) is the most common form ([@B3]). The disease\'s preference for paranasal sinuses and adjacent mucosa is not well-understood; however, it is thought that inhalation of spores results in primary infection and colonization within the nasal mucosa ([@B6]). After colonization, involvement of the adjacent paranasal sinuses and skull often occurs via contiguous spread of the disease ([@B6]). This can result in devastating neurological sequences due to its preference for cerebral vasculature. Cases of mycotic aneurysm, infarction, and hemorrhage associated with RCM are well-documented. The authors present a rare case of mucormycosis infection with large vessel occlusion (LVO) of the right internal carotid artery (RICA) with the patient undergoing successful mechanical thrombectomy for recannulation of the RICA. The clot was sent for cultures and pathology with confirmation of fungi consistent with Mucormycosis. The patient was subsequently treated with amphotericin B, micafungin, and posaconazole.

Case Presentation {#s2}
=================

A 21-year-old male inmate presented to our facility with generalized weakness, abdominal pain, nausea, and right eye pain with associated inflammation and blindness. The patient reported that, 3 days prior to arrival, he was involved in an altercation where he was struck in the face and had feces smeared over the right side of his face. Past medical history was significant for type 1 diabetes mellitus and methamphetamine abuse.

Physical Exam
-------------

On admission, the patient was in acute distress due to lack of vision in his right eye. The patient\'s clinical examination was consistent with orbital apex syndrome with injury and inflammation in the cavernous sinus. The right eye had a fixed, non-reactive pupil and exhibited ophthalmoplegia, scleral injection, periorbital edema, and erythema. Remaining physical and neurological examination were normal.

Pertinent Laboratory Values
---------------------------

On admission, his glucose was 437 mg/dL, Hb A1c was 14.5%, ß-hydroxybutryate/acetoacetate ratio was 9.00, HCO~3~: 5 meQ/L, WBC 21.7, Urinalysis: 4+ ketones, 4+ glucose, and urine drug screen (UDS) was negative.

Clinical Course
---------------

The patient was admitted to the intensive care unit (ICU) under our institution\'s diabetic ketoacidosis (DKA) protocol where he remained for 48 h. Ophthalmology was consulted for his right orbital cellulitis and ophthalmoplegia and Oral and Maxillofacial Surgery (OMFS) was consulted for reducing his nasal fracture. Soft tissue cultures were taken of the region. No interventions were recommended at the time by either service except for intravenous antibiotics. There was no suspicion for fungal infection on their respective evaluations. After resolution of DKA, he was transferred to the general floor. During this time, he experienced no changes in neurological exam or in his ocular exam.

Less than 24 h after transfer, the patient developed sudden-onset left facial droop, gaze preference to the right and left-sided hemiplegia. Immediate CT of the head revealed no obvious acute abnormalities ([Figure 1](#F1){ref-type="fig"}); however, CTA head demonstrated occlusion of the cavernous segment of the RICA. The patient was immediately evaluated by the on-call vascular neurologist where he was diagnosed with an acute ischemic stroke with LVO of RICA and right MCA syndrome. Subsequently, the patient was administered IV-tPA per our institution\'s stroke protocol. The patient did not improve in his symptoms after completion of IV-tPA. Neurointerventional surgery was consulted for possible mechanical thrombectomy and the patient was immediately taken for a cerebral angiogram, confirming complete occlusion of the RICA. Utilizing standard thrombectomy techniques, a TICI III (Thrombolysis in Cerebral Infarction) revascularization was achieved ([Figure 2](#F2){ref-type="fig"}) using a retrievable stent system. Direct evaluation of the embolus did not seem consistent with a standard thrombus as it had a fibrous appearance with minimal blood product. Given this finding, the specimen was sent for pathology and culture.

![Initial CT head demonstrating periorbital edema and inflammation in the ethmoid and maxillary sinuses. There is no evidence of acute intracranial abnormality.](fneur-10-00264-g0001){#F1}

![**(Top)**: AP (left) and lateral (right) digital subtraction angiogram illustrating right ICA terminus occlusion on common carotid injection. **(Bottom):** AP (left), lateral (right) demonstrating TICI III recanalization after thrombectomy.](fneur-10-00264-g0002){#F2}

The patient recovered in the ICU after the procedure. Post-procedural MRI demonstrated diffusion restriction over the right basal ganglia, middle and inferior frontal lobes, and anterior temporal lobe ([Figure 3](#F3){ref-type="fig"}). Final pathology and culture were positive for fungal hyphae consistent with RCM ([Figure 4](#F4){ref-type="fig"}). Additional blood cultures were positive for multi-drug resistant *Klebsiella pneumoniae*. Once the diagnosis was confirmed, the patient was started on micafungin, amphotericin B, and meropenem. He then underwent urgent ethmoidectomy and maxillary antrostomy with OMFS followed by right orbital exenteration with ophthalmology. He completed an 8-week course of IV micafungin, amphotericin B, and meropenem per infectious disease recommendations. The patient was transitioned to oral posaconazole for an additional 3 months. The patient recovered to a Modified Rankin Scale of 2 at 90 days with the aid of acute rehabilitation.

![Diffusion weighted imaging (DWI) sequences demonstrating diffusion restriction in the basal ganglia that is characteristically seen in rhinocerebral mucormycosis.](fneur-10-00264-g0003){#F3}

![**(Left)** Gomori methenamine silver (GMS) stain highlighting fungal wall and the pathognomonic non-septate branching hyphae. **(Right)** High-power H&E stain demonstrating hyphae and inflammatory cells with limited blood product. Photo Credit: Sin Nguyen, MD.](fneur-10-00264-g0004){#F4}

Discussion {#s3}
==========

Mucormycosis is a rare, angioinvasive opportunistic fungal pathogen affecting lung, sinuses, and brain. It is often seen in immunocompromised and poorly controlled diabetics as well as IV drug addicts, of which RCM is the most common form ([@B7], [@B8]). There is a higher incidence in acute leukemia ([@B6]). The most common presentation are headaches, fever, facial and orbital swelling, and orbital apex syndrome ([@B9], [@B10]). Nearly all these presenting signs were seen in our case.

Pathogenesis
------------

Mucormycosis is inherently found in soil and decaying plants whose spores can be easily inhaled, making the nasal passages as the most common primary site of inoculation ([@B11]). The pathogen thrives as a scavenger of free iron and those individuals with elevated free serum iron levels appear to be at higher risk ([@B5], [@B11]). DKA significantly increases the risk of developing RCM due to the increased dissociation of free iron and the dysfunction of macrophages seen in acidic conditions, allowing the infection to propagate via its inherent ketone-reductase system ([@B5], [@B12]). The glucose-regulated protein 78 (GRP78) has been implicated in this pathogenesis and is shown in diabetic mice to be overexpressed in the progression of this disease ([@B13]). The primary mode of pathogenesis is hematogenous spread due to its ability to adhere to and invade the endothelium of neighboring blood vessels, allowing it to invade any organ system. A case of brain, lung, bone, and heart involvement as well an isolated case of renal involvement has also been reported ([@B14]). Thrombotic complications involving the cavernous sinus, ICA, ophthalmic, and retinal arteries are well-documented in the literature and significantly increase the morbidity associated with RCM ([@B15], [@B16]).

Diagnosis
---------

Cerebral infection and infarction, whether bacterial or fungal, are best diagnosed using magnetic resonance imaging (MRI) ([@B17]). The imaging findings characteristic of infection include rim enhancement on T1-post contrast imaging, central hyperintensity on T2 sequences, and diffusion restriction ([@B18]). Diffusion restriction is characteristically seen in the basal ganglia as mucormycosis has demonstrated an affinity for this location ([@B19], [@B20]). This finding was present in our patient ([Figure 3](#F3){ref-type="fig"}), however it is more likely that this finding is due to infarct from his RICA occlusion. Contrasted imaging was not obtained due to the low suspicion of intracranial infection prior to thrombectomy so it is inconclusive whether this finding was due to infection or infarct.

A high index of suspicion of mucormycosis is necessary as an autopsy series demonstrated almost 50% of cases were diagnosed post-mortem ([@B5]). The most definitive diagnosis comes from culture and histological analysis ([@B12]). Traditional H&E staining is typically low yield for identification of *Mucorales*. Thus, utilizing Gomori methenamine silver (GMS) significantly increases the yield of diagnosis by highlighting the fungal wall ([@B12]). Broad, non-septate hyphae with right angle branching is the pathognomonic morphology seen on histological analysis ([@B5], [@B12], [@B17], [@B20]). Our case of RCM is particularly unique due to the fact that standard mechanical thrombectomy techniques provided the definitive diagnosis.

Treatment/Prognosis
-------------------

The prognosis of this disease is often fatal with mortality rates ranging from 33 to 80% ([@B21]). Early treatment and diagnosis is essential as Sipsas et al. demonstrated that delaying treatment by more than 6 days doubled the mortality rate ([@B22], [@B23]). The biggest risk factor for mortality is predictably those with disseminated infection ([@B12], [@B21], [@B24]). Aggressive surgical debridement is necessary in those patients with an identifiable lesion who are well enough to undergo an operation. This is particularly important in RCM to halt intracranial progression, improve outcomes, and response to systemic antifungal therapy ([@B2]--[@B5], [@B21], [@B22], [@B25]).

A comprehensive, multidisciplinary approach is necessary in these patients, of which our case is a prime example. Our patient underwent several medical and surgical interventions by multiple specialties. In addition to medical optimization of DKA and superimposed bacterial infections, neurointerventional surgery performed the thrombectomy which limited the size of potential infarct and provided the definitive diagnosis that was not made on initial workup. Ophthalmology and OMFS performed extensive surgical debridement of the affected orbit and paranasal sinuses after diagnosis to contain the infection.

First-line medical therapy is amphotericin B (5 mg/kg/day) and may include an additional IV antifungal agent such as caspofungin for 6--8 weeks ([@B2], [@B4], [@B5], [@B19], [@B22], [@B26]). Oral antifungals are often prescribed after the IV regimen is completed. Newer antifungals such as posaconazole and isavuconazole have shown promise as a salvage therapy ([@B22], [@B23]). This is especially important given the systemic adverse effects seen with amphotericin B ([@B5], [@B23]). In a review of 96 case reports, Vehreschild et al reported that posaconazole was able to achieve a complete response to in 64.6% of cases ([@B27]). This antifungal was used in our case after completion of amphotericin B and micafungin therapy and our patient has no evidence of disease 6 months after completion of antifungal therapy.

There are many documented cases in the literature of RCM invading the skull base and neighboring vasculature leading to ophthalmic, retinal, and ICA occlusion ([@B1], [@B3], [@B6], [@B28]). The unique nature of our case lies in the fact that the diagnosis of RCM was made via mechanical thrombectomy and histological analysis of the embolus. Due to the low suspicion of fungal infection at the time of initial presentation, the patient could have had an alternative and unfavorable clinical outcome.

Conclusion {#s4}
==========

Mucormycosis is a rapidly progressive, angioinvasive disease most commonly seen in the brain and paranasal sinuses. Cerebral complications such as abscess and infarction due to the angioinvasive nature of this disease are well-documented. Early diagnosis, surgical debridement (when indicated), and antifungal therapy are essential in optimizing outcomes.
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